Invasive fusariosis (IF) is a mycosis caused by infection with *Fusarium* spp. fungi that affects primarily patients with hematologic malignancies and hematopoietic cell transplant (HCT) recipients ([@R1],[@R2]). In these severely immunosuppressed patients, IF is typically disseminated and involves pneumonia, metastatic skin lesions, and positive blood cultures ([@R3]). The usual portal of entry is the airways, and IF is thought to be acquired by the inhalation of aerosols of fusarial conidia. However, the skin at sites of tissue breakdown may be a portal of entry ([@R4]). In a review of 232 published cases of IF in immunosuppressed patients, primary skin lesions represented the likely portal of entry in 16 (11%) of 147 patients with disseminated disease ([@R5]).

In 2007, we observed an increase in the incidence of IF in our hospital in Brazil: 5 cases of disseminated IF and 2 cases of locally invasive disease were diagnosed in a 7-month period. In addition to this apparent increase in incidence, we observed that all patients had a primary skin lesion on the lower limbs. All case-patients were housed in 4 rooms of the hematology unit. Because of the increasing incidence and the cutaneous primary lesions, environmental sampling of air, water, and water-related structures of the hematology unit were conducted; we also performed molecular analysis of patient and environmental isolates. We describe the incidence, clinical presentation, and outcome of these cases and compare these results with cases of superficial *Fusarium* spp. infection among outpatient dermatologic patients at the same hospital.

Patients and Methods
====================

The University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, is a tertiary-care teaching hospital with ≈450 beds and a hematology unit that has 5 double-bed rooms without high-efficiency particulate air filtration and 8 single-bed rooms equipped with filters and positive pressure. Cases of IF were identified during daily visits to the hematology ward, by review of a database of episodes of febrile neutropenia (active since 1986), and by review of the hospital's mycology laboratory and pathology registries. Typically, the diagnosis of IF is confirmed by blood culture and/or by direct exam, culture, and histopathology of metastatic skin lesions, when present ([@R3]).

Cases of superficial infections caused by *Fusarium* spp. were identified by reviewing the Mycology Laboratory database of cultures of dermatologic patients, a database that contains description of the type of lesion from which direct examination and culture were performed, as well as the results of direct exam and culture. These infections were diagnosed in outpatients who attended the hospital's dermatology clinic, and the diagnosis required the presence of a superficial lesion with positive culture of the lesion.

We reviewed the records of all patients in whom IF was diagnosed during 2000--2010, obtaining detailed information on demographics, underlying disease and treatment, comorbidities, presence of neutropenia, receipt of corticosteroids and other immunosuppressive agents, clinical manifestations of IF, diagnosis, treatment, and outcome. All patients had been hospitalized for the treatment of an underlying hematologic condition and had fusariosis develop in the context of immunosuppression caused by the underlying disease and its treatment. IF was defined as the isolation of *Fusarium* spp. from any sterilized biologic material, such as blood or skin biopsy, or from respiratory secretions in patients with typical clinical signs, including fever and metastatic skin lesions ([@R1]). A cutaneous portal of entry was defined when the clinical manifestations (and the diagnosis) of IF were preceded by the occurrence of localized skin lesions (such as cellulitis at sites of onychomycosis and intertrigo) with positive culture for *Fusarium* spp. The cases of IF were classified as proven or probable, according to the modified criteria of the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group Consensus Group ([@R6]). Superficial infections caused by *Fusarium* spp. in immunocompetent patients from the dermatology clinic were defined when *Fusarium* spp. was recovered from a skin lesion (usually onychomycosis and intertrigo). No changes in the population at risk, standards of collection and processing of biologic material, and diagnostic capabilities in the mycology laboratory occurred during the study period.

For the purpose of estimating changes in the incidence of IF, we split the study period into 2 periods: 2000--2005 (period 1) and 2006--2010 (period 2). We calculated the incidence of IF for the 2 periods using total admissions in the hematology unit as denominator and expressing the rates as number of cases per 1,000 admissions. The incidence of superficial infections caused by *Fusarium* spp. was expressed as number of positive cultures per 1,000 superficial cultures processed. Incidence densities between different periods were compared by the χ^2^ test using Epi Info software version 6.04d (Centers for Disease Control and Prevention, Atlanta, GA, USA). We considered p values \<0.05 as statistically significant.

Results
=======

During 2000--2010, a total of 21 cases of IF were diagnosed in patients in the hematology unit at the hospital ([Table](#T1){ref-type="table"}). Acute myeloid leukemia (AML) was the most frequent underlying disease (42.9%); 12 patients (57.1%) were HCT recipients (8 allogeneic, 4 autologous). Neutropenia (81.0%), receipt of corticosteroids (76.2%), and graft-versus-host disease (6 of 8 allogeneic HCT recipients) were the most frequent predisposing factors. The IF diagnosis was confirmed by blood culture alone in 7 cases, blood culture plus culture and histopathology of biopsy of a metastatic skin lesion in 4, culture and histopathology of skin biopsy in 7, culture of synovial fluid in 2, and culture of sinus aspirate in 1. Among the 20 patients who received treatment, deoxycholate amphotericin B (10 patients) and voriconazole (7 patients) were the most frequent agents used as primary therapy. The overall 30-day and 60-day survival rates for the 21 patients were 33.3% and 28.6%, respectively.

###### Characteristics of 21 patients with invasive fusariosis in the hematology united at University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 2000--2010\*

  Characteristic                               Patients
  -------------------------------------------- ------------
  Sex, M:F                                     16:5
  Median age, y (range)                        55 (9--71)
  Underlying disease                           
  Acute myeloid leukemia                       9 (42.9)
  Multiple myeloma                             4 (19.0)
  Non-Hodgkin lymphoma                         2 (9.5)
  Acute lymphoid leukemia                      2 (9.5)
  Myelodysplasia                               2 (9.5)
  Aplastic anemia                              1 (4.8)
  Chronic myeloid leukemia                     1 (4.8)
  HCT recipients                               12 (57.1)
  Allogeneic                                   8 (38.1)
  Autologous                                   4 (19.0)
  Room with HEPA filter                        14 (66.7)
  Receipt of corticosteroids                   16 (76.2)
  Graft-versus-host disease, n = 8†            6 (75.0)
  Neutropenia                                  17 (81.0)
  Skin as portal of entry                      17 (81.0)
  Positive blood culture                       11 (52.4)
  Classification of fusariosis                 
  Proven                                       20 (95.2)
  Probable                                     1 (4.8)
  Primary treatment                            
  None                                         1 (4.8)
  Voriconazole                                 7 (33.3)
  Deoxycholate amphotericin B                  10 (47.6)
  Deoxycholate amphotericin B + voriconazole   3 (14.3)

\*Values are no. (%) patients except as indicated. HCT, hematopoietic cell transplant; HEPA, high-efficiency particulate air. †Allogeneic HCT recipients.

A cutaneous portal of entry was identified in 14 (66.7%) of the 21 cases: onychomycosis with periungueal cellulitis in 6 cases, onychomycosis with interdigital intertrigo in 1 case, intertrigo with lymphangitis in 2 cases, intertrigo alone in 4 cases, and ulcer in 1 case ([Figure 1](#F1){ref-type="fig"}, panels A--D). Some of the lesions of intertrigo evolved to necrosis and tissue loss ([Figure 1](#F1){ref-type="fig"}, panel E). The median time from admission to recognition of a cutaneous portal of entry was 11 days (range −11 to 65).

![Primary skin lesions in patients with invasive fusariosis in the hematology unit at University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 2000--2010. A) Onychomycosis; B) ulcer; C) intertrigus; D) intertrigus evolving to lymphangitis before dissemination. (First image in D is the same patient as the first image in C; second image in D is the same patient as the fourth image in C.) E) Necrosis in a lesion of intertrigus (evolution of the lesion shown in the third image in C).](12-0847-F1){#F1}

[Figure 2](#F2){ref-type="fig"} shows the incidence of IF during the full study period. The incidence was 0.86 cases per 1,000 admissions in period 1 and 10.23 cases per 1,000 admissions in period 2 (p\<0.001). The incidence of IF with a cutaneous portal of entry was 0.43 per 1,000 admissions in period 1 and 6.99 per 1,000 admissions in period 2 (p\<0.001).

![Incidence of invasive fusariosis among patients in the hematology unit at University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 2000--2010.](12-0847-F2){#F2}

[Figure 3](#F3){ref-type="fig"} shows the incidence of superficial infection caused by *Fusarium* spp. in patients from the dermatology outpatient clinic. The incidence (positive cultures per 1,000 superficial cultures) was 7.23 in period 1 and 16.26 in period 2 (p\<0.001).

![Incidence of superficial infections caused by *Fusarium* spp. among outpatients at the dermatology clinic of University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 2000--2010.](12-0847-F3){#F3}

Isolates from hematologic and dermatologic patients showed similar species distribution, with a predominance of *F. solani* species complex (FSSC) species 2 (69% and 74%, respectively). By contrast, most environmental isolates from the initial investigation were identified as *F. oxysporum* species complex, with very few isolates of FSSC species 2, suggesting that most of the clinical cases of IF we identified would not be traceable to a specific environmental source in the hospital ward ([@R7]).

Discussion
==========

We observed an increase in the incidence of IF over time among patients in the hematology ward of our hospital; a cutaneous portal of entry was evident in most cases. We also observed an increase in the incidence of superficial infections caused by *Fusarium* spp. in outpatient nonhematologic patients at the same hospital during the same period.

The increase in the incidence of IF from period 1 (2000--2005) to period 2 (2006--2010) was \>10-fold and showed a clear upward trend. Although IF is considered an emerging invasive fungal disease, affecting mostly patients with hematologic malignancies ([@R3]), its incidence is usually low. An epidemiologic study conducted in 18 hospitals in Italy reported 15 cases of IF among 11,802 patients with hematologic malignancies; patients with AML had the highest incidence (13 cases in 3,012 patients) ([@R8]). Another Italian study reported 3 cases among 1,249 allogeneic HCT recipients ([@R9]). In the United States, a large prospective study performed in 21 centers (1,194 allogeneic HCT recipients) reported only a few cases of infection caused by non--*Aspergillus* spp. molds, with a \<0.3% 1-year cumulative incidence ([@R10]). By contrast, a prospective study conducted in 8 centers in Brazil during 2007--2009 reported 23 episodes of IF in 937 hematologic patients (2.4% overall incidence rate) ([@R11]); this study found a 1-year cumulative incidence of 5.2%, 3.8%, and 0.6% among allogeneic HCT recipients, AML patients, and autologous HCT recipients, respectively. No center effect was observed to account for this high incidence.

We also found a high incidence of a cutaneous portal of entry for IF, which is in sharp contrast with what had been previously reported. Similar to invasive aspergillosis, IF is thought to be acquired by inhalation of conidia from the air but occasionally has a cutaneous portal of entry ([@R4]). In a review of 259 published cases of IF, a cutaneous portal of entry was reported for only 11% of cases, and these were nearly all restricted to onychomycosis as the primary lesion ([@R5]). By contrast, 14 (66.7%) of the 21 IF cases in our study had a cutaneous portal of entry. Molecular typing of isolates recovered from sites of invasive disease (blood, synovial fluid) and from the lesions in the feet thought to be the portal of entry was performed for 4 cases and showed the same species for 3 ([@R7]).

Our results showed that interdigital intertrigo was as common as onychomycosis, occurring in 7 of the 14 cases with a cutaneous portal of entry. Onychomycosis is usually caused by *Candida* spp. and dermatophytes ([@R12]), but fusarial onychomycosis is a known clinical entity ([@R13]). Furthermore, recent studies have suggested that nondermatophyte fungi (including *Fusarium* spp.) are emerging as causes of onychomycosis ([@R14]--[@R16]). By contrast, interdigital intertrigo is rarely caused by *Fusarium* spp. ([@R17]).

The increased incidence of IF observed in 2007 at our hospital and the unique aspect of a cutaneous portal of entry in most cases raised the possibility that the patients could have acquired IF by contact with contaminated water in the hospital. Our hypothesis was that patients had been admitted with subtle skin breakdowns that became colonized by *Fusarium* spp. after contact with the hospital water, and local infection and dissemination subsequently developed. In support of this hypothesis were the findings of Anaissie et al., who reported that *Fusarium* spp. were recovered from 57% of water samples and 88% of water-related structures in a hospital in the United States; molecular studies of the isolates revealed a close relatedness between patient and environmental isolates ([@R18]). However, our environmental investigation showed that, although *Fusarium* spp. were present in the hospital water system, most isolates from patients belonged to the FSSC 2, whereas environmental isolates belonged to the *F. oxysporum* species complex ([@R7]). These results suggest that the infection did not have a nosocomial origin.

Concomitant to the increase in IF, we recorded an increase in the growth of *Fusarium* spp. from superficial infections in outpatients, from 7.23 positive cultures for period 1 to 16.26 positive cultures per 1,000 superficial cultures for period 2. Considering this apparent emergence of fusarial superficial infections in the community, the immunocompromised patients served as sentinels for the detection of this problem ([@R19]).

A limitation of our study is the denominator used to calculate the incidence. Because infection was acquired in the community, the appropriate denominator would be population based. However, because obtaining such a denominator would be difficult, we used a hospital-based denominator to approximate the incidence.

Our findings may have implications for future research, in particular, determining the environmental reservoirs of *Fusarium* spp. in the community that promoted the emergence of superficial fusariosis in immunocompetent patients. *Fusarium* spp. are widely found in the environment and are pathogens of various plants, including tomatoes, soybeans, and various grains ([@R20]). One possibility for an increase in *Fusarium* spp. in the environment is agricultural activities. For example, the Cerrado area is a large (≈2 million m^2^) territory that encompasses 10 states of Brazil. During the past 15--20 years, the area underwent a great deal of change in its composition, with a massive replacement of the native vegetation with monoculture, typically soybeans and pasture ([@R21]). A study evaluating the fungal diversity of the region found a great loss of fungal richness and diversity in the soybean plantation and pasture areas compared with native vegetation, with a concentration of ascomycetes ([@R22]). Other questions that require future research include assessment of the frequency and clinical significance of baseline skin colonization with *Fusarium* spp. in immunosuppressed patients and evaluation of preventive measures to reduce the incidence of this devastating disease.

In conclusion, we observed an increase in the incidence of IF in our hematology ward, with a cutaneous portal of entry, and of superficial fusariosis in immunocompetent outpatients. Future studies are needed to identify reservoirs of *Fusarium* spp. in the community, as well as preventive measures for patients at high risk for IF.
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